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Background
Maximum and minimum temperatures and precipitation have significant impacts on grain quality and production within the wheat-belt of Southwest Western
Australia (SWWA) due heat stress, frost and water stress events, and hence, understanding how the frequency and intensity of these events will change in
the future is crucial for management purposes. Accordingly, the Regional Atmospheric Modeling System (RAMS Version 6.0 , Pielke et al. 1992) is used to
simulate the past 9 years of the climate of SWWA at a 20 km grid resolution by down-scaling 6-hourly 1.0 by 1.0 degree National Center for Environmental
Prediction Final Analyses for August to October 2000 to 2009. Simulations of future climate are carried out by down-scaling the CSIRO Mark 3.5 General
Circulation Model (Gordon et al. 2002) for 9 years (2046-2054) under the SRES A2 scenario using the Cubic Conformal Atmospheric Model (CCAM,
McGregor and Dix 2008). The 6-hourly CCAM output is then downscaled to a 20 km resolution using RAMS. Changes in extreme events are discussed
within the context of the continued viability of agriculture in SWWA.
Model Evaluation
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Figures1 (b): Observed and simulated average maximum temperatures  (oC) for August to October 2000-2008 Figures 1 (c): Observed and simulated average precipitation (mm) for August to October 2000-2008.Figures 1 (a): Observed and simulated average minimum temperatures (oC) for August to October 2000-2008. .
The model is first evaluated against gridded observations of monthly mean maximum and minimum temperatures and precipitation from the Australian
Bureau of Meteorology as illustrated in Figures 1(a) to (c). Minimum temperatures are well reproduced for October and generally under-predicted over most
of the wheat-belt in August and September while maximum temperatures are well reproduced for August but generally over-predicted in September and
October over the northern wheat-belt. Precipitation is under-predicted for all months, but the spatial trends are well reproduced. Overall, the model performs
reasonably well and work is currently under-way to find better model configurations so as to reduce these errors.
Preliminary Results
Difference between 2046-2054
and 2000-2008 October Averge
 Maximum Canopy Temperature
 
 
31oS 
 
 
30oS 
 
 29oS  
3
4
Difference between 2046-2054
and 2000-2008 September Averge
Maximum Canopy Temperature
 
 
31oS 
 
 
30oS 
 
 29oS  
2
2.5
3
3.5
Difference between 2046-2054
and 2000-2008 August Averge
Maximum Canopy Temperature
 
 
31oS 
 
 
30oS 
 
 29oS  
1
1.5
2
Difference between 2046-2054
and 2000-2008 Octover Averge
Minimum Canopy Temperature
 
 
31oS 
 
 
30oS 
 
 29oS  
0.5
1
1.5
Difference between 2046-2054
and 2000-2008 September Averge
Minimum Canopy Temperature
 
 
31oS 
 
 
30oS 
 
 29oS  
1
2
Difference between 2046-2054
and 2000-2008 August Averge
Minimum Canopy Temperature
 
 
31oS 
 
 
30oS 
 
 29oS  
0
0.5
1
1.5
Difference between 2046-2054
and 2000-2008 August
mean Precipitation (mm)
 
 
31oS 
 
 
30oS 
 
 29oS  
-40
-20
0
20
Difference between 2046-2054
and 2000-2008 September
mean Precipitation (mm)
 
 
31oS 
 
 
30oS 
 
 29oS  
-40
-20
0
Difference between 2046-2054
and 2000-2008 October
mean Precipitation (mm)
 
 
31oS 
 
 
30oS 
 
 29oS  
-20
-10
0
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-1
0
1
2
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-0.5
0
0.5
1
1.5
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-1.5
-1
-0.5
0
0.5
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-2
-1.5
-1
-0.5
0
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-2
-1
0
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-2.5
-2
-1.5
-1
-0.5
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-140
-120
-100
-80
-60
 
 36oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-100
-80
-60
o o o o o  36
oS 
 
 
35oS 
 
 34oS 
 
 
33oS 
  
32oS 
 
-60
-50
-40
-30
Figures 2(a): Difference between 2046-2054 and 2000-20008 average minimum  canopy temperatures (oC) for 
August to October. 
Figures 2(b): Difference between 2046-2054 and 2000-20008 average  maximum  canopy temperatures (oC) for 
August to October. 
Figures 2(c): Difference between 2046-2054 and 2000-20008 mean precipitation (mm) for August to October. 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114oE  116oE  118
oE 
 120oE
 
 122oE
 
 
114 E  116 E  118 E  120 E  122 E 
Figures 2(a) to (c) show the difference between 2046-2054 and 2000-2008 simulated mean monthly minimum and maximum canopy temperatures and
precipitation for August to October. Figures 2(a) and (b) show that although there is an overall increase in mean minimum and maximum temperatures over
the northern and central wheat-belt, there is a decrease in minimum and maximum temperatures over the southern wheat-belt in August and September, a
result which is counter-intuitive. Figure 2(c) shows an overall decrease in mean monthly precipitation for all months. These results are further analysed by
investigating the changes in low-level winds, mean-sea-level pressure (MSLP), and low-level moisture convergence (LMC).
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Figures 3(a): Difference between 2046-2054 and 2000-20008 average wind speed (ms-1) at 6.5 m for August to 
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Figures 3(b): Difference between 2046-2054 and 2000-20008 average Mean-Sea-Level Pressure (hPa) for August 
to October. 
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Figures 3(c): Difference between 2046-2054 and 2000-20008 average low level moisture convergence (kg m-2 s-1) 
(vertically integrated over the intervals 1000-925, 925-850 and 850-700 hPa) for August to October. 
Figures 3(a) and (b) show the difference between the 2046-2054 and 2000-2009 average wind speed at 6.5 m and MSLP for August to October. There is a
marked decrease in low level winds in the southern wheat-belt in August and September as well as an increase in MSLP, implying stable and clear-sky
October. 
conditions, and hence lower minimum temperatures. Figure 2(c) shows the difference in LMC (vertically integrated over the intervals 1000-925, 925-850 and
850-700 hPa), which provides an indication of rainfall associated with synoptic-scale systems. There is a very clear decrease in LMC along the coast in all
months, which can partly explain the overall decrease in rainfall seen in Figure 2(c). Overall, this study confirms that the SWWA is likely to become warmer
and drier, however, some areas may experience lower minimum temperatures due to clearer and calmer conditions.
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